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Abstract 
A novel Trombe wall façade with DC fan integrated on the venetian blind structure is presented in this paper. To study the 
thermal performance of it, a series of comparative experiments have been conducted in winter and summer respectively in Hefei. 
In winter the H[SHULPHQWKDVEHHQFDUULHGRXWFORVHDVVLVWHG'&IDQDWWKHYDU\LQJRIWKHVODWDQJOHVș º, 45º, 90º) between the 
comparable two rooms, the results show that according to the measured weather data the value of normalized temperature rise is 
larger when the blind slat angle is set at 45º, which means the optimal effect of heat accumulation. In summer, to minimize the 
effect of undesired heat gains and enhance air vent velocity, the system focuses the blind slat angle at 90º (with reference to 
horizontal) and opens the assisted fan, then comparisons are made among the air temperature of the two rooms at 22ºC, 24ºC and 
26ºC and it indicates that the average temperature difference of the south wall between the two rooms is 1.95ºC, 1.72ºC, 1.71ºC 
respectively and the maximum heat gain difference is reach up to 3.66×103KJ within 8 hours (8:00-16:00). The results reveal that 
a promising technic of trombe wall structure integrated venetian-type collector and it could operate high efficiently. 
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1. Introduction 
The increase in demands for the climatic comfort conditions in buildings provides the increase in energy 
consumptions. Consequently passive and active system using clean energies are favored by architects to lessen the 
energy needs and provide a sustainable environment [1]. One of this is Trombe wall system, which shows great 
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potential for integration into low energy consumption buildings. However there are still problems regarding their 
application and design, for example to improve heat accumulation of the massive wall in winter, some researches 
install an absorber plate in the air gap and use a black surface of the heat storage wall [2-6]. But the wall 
simultaneously will arise the overheating phenomena in summer. In order to decrease the direct heat gain from solar 
radiation and prevent overheating in summer actively. Also to increase the heat accumulation and the heat 
preservation effect in winter. What’s more, considering the aesthetic, a novel trombe wall façade with DC fan 
integrated on the venetian blind structure is presented in this paper. 
This study focuses on the thermal behavior of trombe wall and their contribution to indoor thermal comfort and 
energy performance. A series of experiments were carried out in summer and winter under different slat angles in 
Hefei. 
 
Nomenclature 
ȡ           density (kg/mϢ)  
ș           blind slat angle (º) 
cp          VSHFL¿FKHDWFDSDFLW\-NJ. 
K          the convection coefficient of internal surface for south wall (W/m2xK) 
At          the area of the Trombe wall (m2) 
An         the area of the normal wall (m2) 
Af               the area of exterior vent (m2) 
V          air velocity for the exterior vent (m/s) 
G          solar radiation (w/ m2) 
Ta          outdoor air temperature (ϨC) 
Trai             indoor air temperature of the reference room (ϨC) 
Ttai             indoor air temperature of the test room (ϨC) 
Tnwi           inner surface temperature of normal south wall for test room (ϨC) 
Ttwi        inner surface temperature of Trombe wall for test room (ϨC) 
Trwi           inner surface temperature of south wall for reference room (ϨC) 
Qrq            the heat gain of the reference room from the south wall (J) 
Qtq        the heat gain of the test room from the south wall (J) 
 Qc        the fresh air load from crack of the door (J) 
             the difference heat gain from the south wall between the reference room and test room (J) 
t          measurement time (s) 
             the normalized temperature rise 
             the average temperature (ϨC) 
             the difference of air temperature (ϨC) 
Ș  the proportional of reduced heat gains from the south wall in the fresh air load 
2. Description of the experimental set-up 
2.1. Description of the test cell 
The experimental platform consists of two rooms (see Fig 1.) with the dimensions of width 3800 mm/depth 3900 
mm/height 2600 mm and the size of trombe wall is: height 2m/width 1.5m. Except for the south wall of the test 
room, the other components of both the rooms are constructed to be the same. There are two air vents in the interior 
of the trombe wall, the size of air vent is 400mm×120mm. The distance between the top air vent and trombe wall 
top edge is 150 mm and the distance between the bottom air vent and the bottom edge of the trombe wall is also 150 
mm. There is a vent in the exterior of the trombe wall, the distance between the air vent and trombe wall top edge is 
50mm, as shown in Fig.2. Specially, between the massive wall and glass is the venetian blind, whose slat angle can 
be overturned, the double skin properties (absorptivity and reflectivity) of venetian blind is shown in Fig.3. 
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Fig.1.The horizontal cross-section schematic of comparable rooms         Fig.2.The schematic of Trombe wall with venetian blind system 
500 1000 1500 2000 2500
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9
1.0
wave length(nm)
 Reflectivity( silver skin)
 Asorptivity(Black skin)
 
Fig.3.The double skin properties of venetian blind 
2.2. Experimental measuring procedure 
Experiment data reported in this paper refer to summer and winter seasons, representative periods are selected 
from the data collected.  
Measurements were carried out using data loggers. The following investigations were carried out for both the 
experimental campaigns: 
̢ Outdoor local climate conditions. Solar radiation and air temperature were measured. 
̢ Indoor environmental conditions. A series of probes were used to measure Indoor air temperature. 
̢ Thermal survey of walls. A set of probes was used to measure internal and external surface temperatures of 
the wall, including external/inner surface temperature of the Trombe wall, internal surface temperature of normal 
wall(test room), inner surface temperatures of the south wall(reference room). 
In addition to these investigations, summer campaign 2013 included the measurement of air velocity for the 
exterior vent. 
During the winter, keep the exterior vent close and open the interior vents at daytime while at night close all the 
vents to reduce the heat loss (Fig. 4 (a)). Trombe wall are monitored to study the influence of blind slat angle when 
the side of high absorptivity towards the sun under natural convection. The period of experiment see Table 1.  
In summer, keep the interior bottom and exterior vents open and close the interior top vents (Fig.4 (b)). Control 
the temperature of rooms at 22ºC, 24ºC and 26ºC, Trombe wall are monitored to study the energy performance of 
the south wall and fresh air load focusing the blind slat angle at 90º (the side of high reflectivity towards the sun) 
and opening the assisted fan. Data selected for this campaign refer to the period 1th August to 30th August 2013 
(8:00 -16:00). 
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Table 1.The data of experiment in winter under different conditions. 
Date the slat angle  Fan (open /close) 
January 14th,2014 and January 15th,2014 0º close 
December 20th,2013 and December 23rd,2013 45º close 
January 2nd,2014 and January 3rd,2014 90º close 
 vent panels
interior
    DC fan
a
 vent panels
interior
    DC fan
  b
 
                                         Fig.4. (a) the work of trombe wall in winter; (b) the work of trombe wall in summer 
2.3. Calculation of the experimental data  
To evaluate the optimum of the blind slat angle, the normalized temperature rise     is introduced. 
The normalized temperature rise is calculated as: 
                                                                                                    (1)  
                                                                                                                                                     
Where       is the average temperature of indoor air (8:00-16:00),      is the average ambient temperature and  
      the average solar radiation 
 Heat gains of test room from the south wall is calculated as: 
 
                                                                                                                                  (2)  
Where K the convection coefficient of internal surface for south wall,        and       is the average temperature of 
the internal surface of the Trombe wall and normal wall respectively, At  and An is the area of the Trombe wall 
and normal wall respectively. 
Heat gains of reference room from the south wall is calculated as: 
 
(3) 
The difference heat gains from the south wall between the reference room and test room is calculated as: 
 
                                                                                                      (4) 
The fresh air load from crack of the door can be calculated as: 
 
                                                                                                                    (5) 
Where t is measurement time (8:00-16:00), m is the air flow rate, which can be calculated as: 
                                                                       (6) 
Where V is the outlet air velocity of exterior vent, Af  is the area of exterior vent. 
The proportional of reduced heat gains from the south wall in the fresh air load ɻis calculated as: 
                                                                                                                 (7)  
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3. Experimental results and analysis 
3.1. Thermal parameters of Trombe wall under natural convection in winter 
The weather was characterized mostly by sunny conditions during the experiments (Fig.5 (a) (b) (c)).  
 
 
Fig.5. climatic data (air temperature and global solar radiation). (a) January 14h, 2014 and January 15th, 2014; (b) December 20th, 2013 and 
December 23rd, 2013 (c) January 2nd, 2014 and January 3rd, 2014 
 
Results of thermal monitoring for three slat angles (ș º, 45º, 90º) are respectively in Fig. 6 (a) (b) (c). In Fig.6 
can be noted that air temperature of the test room Ttai is always higher than air temperature of the reference room 
Trai, which indicates the Trombe wall has a large integrative influence on room temperature.  
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Table 2.The thermal parameters of different slat angles  
Date the slat  angle            
January 14th,2014 
January 15th,2014            
0º 
0º 
          11.6ϨC 
         13.2ºC 
14.8ϨC 
17.1ϨC 
6.4ϨC 
6.4ϨC 
5.7ϨC 
6.0ϨC 
7.5ϨC 
9.5ϨC 
December 20th,2013  
December23rd,2013  
45º 
45º 
         21.7ºC 
         12.7ºC 
26.1ϨC 
16.3ϨC 
12.1ϨC 
6.1ϨC 
12.8ϨC 
4.8ϨC 
12.6ϨC 
9.1ϨC 
January 2nd,2014  
January 3rd,2014 
90º 
90º 
        20.6ºC 
        18.2ºC 
24.5ϨC 
22.7ϨC 
11.7ϨC 
12.5ϨC 
13.7ϨC 
11.1ϨC 
11.5ϨC 
9.0ϨC 
 
Table 2 shows the thermal parameters at the varying of the slat angles. Specially, in December 20th, 2013, the 
difference of temperature reaches a maximum value of 12.6ºC and the average temperature of test room is 21.7ºC 
with the slat angle 45ºC, which is very close to the demand for the climatic comfort conditions. The normalized 
temperature rise are shown in Table 3. In this table, the average of normalized temperature rise determines the 
maximum value 0.0193 setting the slat angle 45º. This means that the optimal slat angle is 45º among the three 
representative angles. Considering the local latitude, solar zenith angle is about 35º at the solar incident peak, 
therefore compare to the angle 0º and 90º, the blind setting the slat angle 45º can accumulate incident solar energy 
higher. Besides the role of promoting the air turbulence in the cavity is more evident when focus the angle 45º, 
which can activate the heat exchange between the blind and indoor air. This demonstrates the conclusion 
simultaneously.  
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Table 3. The normalized temperature rise of different slat angles 
Date January 
14th,2014 
January 
15th,2014 
December 
20th,2013 
December 
23rd,2013 
January 
2nd,2014 
January 
3rd,2014 
Slat angle 
                       
0º 
0.0155 
      0º 
       0.0153 
 45º 
   0.0164 
    45º 
    0.0222 
90º 
 0.0146 
90º 
0.0178 
        0.0154 0.0193 0.0162 
3.2. Thermal performance of Trombe wall under forced convection in summer 
Results showed in this paragraph refer to a period of 3 days (August 3rd, August 10th, August 13rd) selected as 
representative from August 2013 monitoring campaign, thermal behaviors of the two rooms were compared for the 
whole period. External surface temperature of south wall rises mostly over 39ºC (except cloudy conditions on 
August 3rd, 2013) during the solar incident peak radiation about 14:00, as shown in Fig.7. In addition, according to 
the pictures, internal surface temperature of reference room wall average is always higher than that of test room (the 
difference average is 1.95ºC,1.72ºC,1.71ºC respectively) and is also higher than indoor air temperature, however, 
internal surface temperature of test room is very close to room air temperature, which determines a decrease on heat  

       
Fig.7. the temperature of different testing points keeping test room and reference room at constant temperature respectively (a) 22ºC (August 3rd); 
(b) 24ºC (August 10th); (c) 26ºC (August 13rd) 
transfer. The difference of total heat gains (8:00-16:00) from the south wall between the reference room and test 
room is shown in Table 4. The maximum value reaches 3.66h103 KJ, which shows that the use of Trombe wall has 
an evident impact in reducing heat gains in summer. According to Table 5, the proportional of reduced heat gains 
from the south wall in the fresh air load can reach up to 0.52, which is equivalent to the efficiency of a heat-
exchange facility we use for cooling down refresh air. This has a significance contributing to reducing energy 
consumption in buildings. 
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Table 4.The results of heat gains from the south wall 
constant temperature Ta Ttwi Tnwi Trwi Qtq Qrq ǻ4c 
22ºC 34.09ºC 23.11ºC 23.74ºC 25.06ºC 3484.48KJ 7148.94KJ 3664.47KJ 
24ºC 
26ºC 
37.42ºC 
37.72ºC 
24.89ºC 
26.97ºC 
25.62ºC 
27.40ºC 
26.61ºC 
28.43ºC 
3111.97KJ 
1373.87KJ 
6097.63KJ 
4882.77KJ 
2985.66KJ 
3508.90KJ 
Table 5. The proportional of reduced heat gains from the south wall in the fresh air load 
constanttemperature ȴQc Qc ɻ
22ºC 3664.47KJ 7086.4KJ 0.52 
24ºC 
26ºC 
2985.66KJ 
3508.90KJ 
7865.96KJ 
6699.55KJ 
0.38 
0.52 
4. Conclusions 
A series of experiments on the thermal behavior of Trombe walls with venetian blind structure in summer and 
winter were carried out and the effect of different slat angles was study in detail. The experimental data shows that 
the use of venetian blind structure is an effective active way to improve thermal performance, that it can prevent 
over-heating and increase the heat accumulation. 
Based on the calculation of the normalized temperature rise of different slat angles (0º, 45º, 90º), it is found that 
the value is larger than another slat angles (0º, 90º) when the slat angle is 45Ϩ, which means the indoor air 
temperature is higher under the same outdoor environment conditions when setting the slat angle 45º in winter, for 
example, on December 20th, 2013, the novel trombe wall made contribution to the rising room temperature of +12.6
ϨC and the average temperature of about 21.7ºC, which can achieve the demands of thermal comfort. 
From analysis of the reduced heat gains from the south wall in summer, the maximal value reach approximately 
to 3.66×103KJ, if using which to deal with the fresh air required to achieve an acceptable of condition of comfort, 
the trombe wall is equivalent to an efficiency of 52% of fresh air heat-exchanger.   
Finally, like all bioclimatic techniques, the efficiency of this system is directly affected by the specificity of the 
climate where it will be built and the configuration. The experiments in this study were conducted on Hefei, Anhui, 
China, so the results of this paper including relevant efficiency are applicable in Hefei or the similar climatic 
conditions, where the climate is hot and high humidity in summer, but in winter it is cold and dry, the weather is 
mostly by sunny conditions in the whole year. 
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